A salient characteristic of recent developments in international financial markets is that the share of international assets in investors' portfolios has increased. Taking the increase in international integration and consumption risk sharing among industrialized countries as given, this paper estimates the risk-aversion coefficient of a representative global investor who is concerned about the world consumption risk inherent in excess returns from different stock markets. The paper examines both traditional consumption risk and, as the novel aspect of the paper, long-run consumption risk, which is the exposure of excess returns to current-period plus future period changes in world consumption. This paper finds that the risk-aversion coefficient of the global investor can be brought down from an estimated value of around 100 in the traditional setting to less than 20 for the global investor who also takes long-run world consumption risk into account.
Given investors' risk aversion, expected returns are determined jointly with consumption growth in the fundamental consumption-based asset-pricing model. The time series of returns and consumption growth can be observed in the data, but the risk aversion coefficient must be estimated. Updating and presenting estimates of risk-aversion coefficients is important because the investor's risk aversion plays a key role in analyses of central issues in financial economics, such as portfolio allocation, required cost of capital, etc. This paper estimates the constant relative risk-aversion coefficient of a representative global investor who is concerned about the exposure of excess returns on country portfolios to the long-run risk of world consumption growth rates. Below is explained why.
Why world consumption?
Compared to a few decades ago, investors today hold considerably more international assets in their portfolios. For instance, Obstfeld & Taylor (2004) document in detail how the post Bretton-Woods period is characterized by significantly higher degrees of international capital mobility compared to the Bretton-Woods period, and Lane & Milesi-Ferretti (2007) report that their measure of international financial integration (the ratio of the sum of foreign assets and liabilities to GDP) has increased by a factor of seven for industrialized countries, from 45% in 1970 to over 300% in 2004. In addition, Sørensen, Wu, Yosha, & Zhu (2007) , Artis & Hoffmann (2007) , and Prasad (2007) show that this increase in international financial integration has led to increased consumption risk sharing among industrial countries.
One implication of open and integrated capital markets where agents hold portfolios with assets from many countries is that investors can eliminate country-specific consumption fluctuations via their trades in international securities. Indeed, Stulz (1981) shows that the systematic risk that remains in equilibrium in an economy with open capital markets is the risk of fluctuations in world consumption growth rates.
Using the growth rate of world consumption for the 1973:1 to 2004:2 period and excess returns from 16 developed stock markets for the same period, the first empirical exploration in this paper is an estimation of an international consumption CAPM (capital asset pricing model). In this estimation, the risk-aversion coefficient of the investor is found to be very high -around 80 in the base-line specification. 1
Why long-run risk? The finding of a high risk-aversion parameter is well-known from the U.S. equity premium puzzle literature, initiated by Mehra & Prescott (1985) .
A (too) high risk-aversion coefficient is troubling for many reasons (which are repeated briefly in section 3 of this paper). Daniel & Marshall (1997) , Parker (2001 Parker ( , 2003 , Bansal & Yaron (2004) , Parker & Julliard (2003 , Hansen, Heaton & Li (2005) , Jagannathan & Wang (2007) , Malloy, Moskowitz & Vissing-Jørgensen (2006) , and others argue that one reason why the standard model produces a value that is (too) high for the risk-aversion parameter is that the standard model assumes that the relevant measure of consumption risk in stocks is the risk of current period changes in consumption only. These authors also argue that the relevant measure of consumption risk is the risk of changes in consumption over several future periods, i.e. the long-run risk of stocks. Parker (2001 Parker ( , 2003 , Parker & Julliard (2003 , and Malloy, Moskowitz & Vissing-Jørgensen (2006) show that riskaversion estimates decrease when relating multi-period (instead of one-period) growth in U.S. per capita consumption to one-period excess returns on U.S. stocks. The next step of this paper also relates excess returns from period t to period t+1 (one period equals one quarter) to fluctuations in consumption growth rates over the periods from t to t+S for increasing S. However, instead of using only U.S. data (U.S. consumption and U.S. returns), this paper relates multi-period growth in world consumption to excess returns in 16 different country portfolios for the aforementioned reason.
This estimation gives rise to the main result of this paper: The risk-aversion coefficient of the representative global investor is brought down dramatically if long-run world consumption risk is taken into account. More specifically, the risk-aversion parameter of the representative world investor is reduced from the aforementioned baseline estimate of approximately 80 (for an investor who evaluates the riskiness of quarterly excess returns using quarterly growth rates in world consumption) to a value of 16-17 if considering an investor who evaluates risk using world consumption growth rates over two to three years, i.e. a reduction of around 75%.
Other findings reported in the paper. The main contributions of this paper are, thus, that it shows (i) what risk-aversion coefficient comes out of an international consumption CAPM that includes world consumption as the relevant measure of risk of country portfolios, and (ii) how long-run world consumption risk affects these estimates.
In addition to these overall results, this paper provides a number of additional findings:
(i) The full sample is split into smaller subsamples such that investigating whether risk aversion has changed over time is possible. Using only the early parts of the 1973-2004 period, risk-aversion coefficients turn out to be imprecisely estimated. Focusing on the last parts of the sample period, there are signs of a lower risk aversion for the representative global investor.
(ii) In order to evaluate the effect of using world consumption as the relevant measure of risk, models using world consumption are compared to models using single-country consumption. The results show that the international C-CAPM (consumption-based asset pricing model), which uses world consumption growth rates, often produces higher estimates of the risk-aversion coefficient than the single-country C-CAPM, which uses single-country consumption growth rates, does.
(iii) The group of countries is divided into a group of smaller countries and the G-7 countries. The risk-aversion coefficient (for each horizon S) is generally found to be lower in small countries, suggesting that investors in small countries are less risk averse.
Note that all these tests show that the estimate of the risk-aversion parameter is lower when using growth rates of consumption measured over S > 1 periods, compared to results when using consumption growth over S = 1 period (the standard consumption CAPM).
Cross-country dispersion in returns. The results mentioned above are all based on time-series estimations. The final topic explored in this paper is whether the cross-country dispersion in excess returns can be captured by an approximate linear beta-pricing model.
In the approximate linear beta-pricing model, the excess returns are linearly related to their unconditional consumption betas, where the betas are found from regressions of excess returns on consumption growth rates, measured over different horizons S. The main result from these estimations is that the cross-country dispersion of returns is only poorly captured by the consumption betas, whether the consumption betas are those relating to consumption growth over S = 1 period or S > 1 periods. This finding is different from those based on U.S. data. For instance, Parker (2003) , Parker & Julliard (2003 , and Malloy, Moskowitz & Vissing-Jørgensen (2006) report that the long-run risk of U.S. consumption helps in capturing the cross-sectional variation in U.S. excess returns (measured via returns on the Fama & French 25 portfolios).
Overall, this paper thus reports that long-run risk helps in bringing down the estimates of the risk-aversion coefficient of a representative global investor, but does not help much when trying to explain the cross-country dispersion in excess returns.
Caveat. Investors hold considerably more international assets in their portfolios today compared to the Bretton-Woods period. Regarding equity, for instance, Obstfeld & Taylor (2004) , page 57, write: "Between 1980 and 2000, the share of foreign stocks in United States equity portfolios rose from about 1 percent to about 12 percent, an impressive rate of increase". Even if this growth is impressive, there still seems to be a bias towards home equity, however, as the share of U.S. equities in the world portfolio remained around 50% during the same period.
One main purpose of this paper is to use world consumption as the measure of (longrun) risk. Is this a strong assumption? The argument of this paper is that it is relevant to investigate what happens to estimates of risk aversion coefficients if investors are allowed to hold foreign assets, instead of making the strong assumption that there are no foreign assets in investors' portfolios (which is implicitly the assumption made when using domestic consumption as the relevant measure of risk), because investors hold considerably more international assets in their portfolios today (i.e. even if there still is some home bias, this bias has been reduced), international equity returns are higher correlated today (Lewis, 2006) , and consumption risk more shared internationally.
The rest of the paper proceeds as follows. In the next section, the literature that makes up the framework of this paper is briefly summarized. Section 3 reviews the theory underlying the equity premium puzzle and demonstrates how long-run risk can be relevant for asset pricing. The differences between a domestic consumption CAPM and an international consumption CAPM are also described. Next, section 4 describes the data.
Then, section 5 presents the results from the Generalized Method of Moments (GMM) estimations of the risk-aversion parameters based upon the non-linear first-order conditions of the representative world investor, while section 6 presents the results from the linear beta-pricing models. The last section concludes and provides paths for future research.
Related literature
This paper is primarily related to the three strings of literature that cover the equity premium, long-run consumption risk, and international asset-pricing models.
Relation to the equity premium puzzle literature. In keeping with the equity premium puzzle literature, this paper estimates the parameter measuring the constant relative risk aversion of a representative investor. Hansen & Singleton (1983) pioneered the approach of estimating the first-order conditions of the representative consumer whose preferences are described by a power utility function, and Mehra & Prescott (1985) made clear why the model had "puzzling" implications when applied to the empirical data. 2 Comprehensive surveys of the equity premium literature can be found in Kocherlakota (1996 ), Campbell (1999 , Cochrane (2005 Cochrane ( , 2006 , and Mehra & Prescott (2003) . This paper differs from the existing equity premium literature by (i) studying international asset pricing, (ii) using world consumption to measure the consumption risk of stocks, and (iii) focusing on long-run consumption risk.
Relation to the long-run risk literature. This paper examines Euler equations similar in spirit to the ones investigated by Daniel & Titman (1997) , Parker (2001 Parker ( , 2003 , Julliard & Parker (2003 , Hansen et al. (2005) , Malloy et al. (2006), and Jagannathan & Wang (2007) . Given its focus on long-run risk, this paper is also related to the work of Bansal & Yaron (2004) , Bansal, Dittmar & Lundblad (2005) , Bansal, Dittmar & Kiku (2006) , and other works by Bansal and coauthors who allow the consumption growth rate to contain a small, persistent, and possibly time varying component, and who study the resulting implication for asset prices. A survey of this literature can be found in Bansal (2007) . The difference between the prevailing papers on long-run risk and the present paper is that the focus of this paper is international. There are, however, two papers that deal with different aspects of international financial markets within a longrun risk framework: Colacito & Croce (2006) and Bansal & Shaliastovich (2007) , who analyze, in particular, foreign exchange issues. This paper, in contrast, deals with the equity premia in many countries.
Relation to international asset pricing models. This paper also relates to the literature that examines international CAPMs (not international consumption CAPMs) by relating excess returns from different stock markets to the excess return on the world market portfolio; see, e.g., Harvey (1991) , Dumas & Solnik (1995) , De Santis & Gerard (1997), and Ng (2004) . An international CAPM is different from the international consumption CAPM that is examined in this paper, however, because the latter relates excess returns from individual markets to world consumption growth rates.
Finally, this paper is related to Sarkissian (2003) and Li & Zhong (2004) who also study international consumption CAPMs. Like Sarkissian (2003) , this paper shows that the basic international consumption-based model delivers a high estimate of the risk-aversion coefficient. One difference between Sarkissian's paper and this paper is that Sarkissian uses foreign currency returns as test assets whereas this paper uses stock returns, making this paper more directly comparable to the equity premium literature. A second difference is that this paper studies how long-run risk helps bring down the estimate of the risk-aversion coefficient, whereas Sarkissian studies how incomplete consumption risk sharing (in the sense of Constantinides & Duffie, 1996) brings down the risk-aversion coefficient. Li & Zhong (2005) , who use habit-persistence specifications of the utility function to analyze equity risk premiums in different countries, focus mainly on stock return predictability, an issue this paper does not deal with.
Consider the standard setting of a representative investor who, at time t, allocates wealth between consumption and savings in the i = 1, ...., n available assets in order to maximize expected life-time utility U = E t h P ∞ j=1 β j U (C t+j ) i , with β as the constant discount factor. The optimal allocation of wealth between the different assets is such that, for each asset i, the utility loss from consuming one unit less of the consumption good today (and then using the proceeds to invest in asset i) equals exactly the expected discounted utility gain from, in the next period, being able to consume the saved consumption good as well as the additional consumption that arises via the return from asset i, or:
where R i,t+1 is the gross return from period t to period t + 1 from investing in asset i.
Assuming that the representative investor evaluates consumption using a constant relative risk aversion specification of utility function, U (C t ) = C 1−γ / (1 − γ), the optimal allocation of wealth between the different assets is such that
or, in terms of the excess return R e i,t+1 on asset i over and above the risk-free rate of return R f t+1 , i.e. R e i,t+1
The pricing restrictions in Eq. (2) relate the return on each asset i over the next single period to the change in consumption over the next single period. Typically, the risk aversion parameter γ is found to be implausibly high when estimating Eq. (2). For instance, the recent Lettau & Ludvigson (2007) examination reports a value of γ = 117 when using standard U.S. stock market data, the U.S. risk-free rate, and the U.S. per capita real consumption (Parker, 2001 , reports an estimate of γ = 389; Campbell, 1999, finds γ = 247 for the U.S., etc.).
Why is a value of, e.g., γ = 117 considered to be too high? One reason is that an investor with a risk aversion coefficient of γ = 117 is willing to give up approximately 24.6% of his wealth to avoid a gamble where there is an equal chance of winning or losing 25% of his wealth. The problem is that it simply seems implausible that an investor would be so risk averse that he is willing to give up 98.2% of the possible loss from the gamble in order to avoid the gamble, when the gamble also gives him, with equal probability, a chance of winning an additional 25% extra wealth. The "puzzle" thus refers to the finding that the value of γ that matches the data the best simultaneously has implications that can be hard to understand. 3
Long-run risk
Long-run risk has been suggested as a novel explanation of the U.S. equity premium puzzle and other asset market puzzles. The intuitive idea in long-run risk models is that the returns on stocks can be better described by their exposures to the risk of changes in consumption over several future periods, i.e. the long-run risk of stocks, than by their exposures to the next single-period change in consumption only.
The models that are estimated in this paper are inspired particularly by those of Parker (2001, 2003) and Parker & Julliard (2003 . 4 In the models, the excess return on each asset i is related to the change in consumption over the next S periods, where S can 3 An alternative way to illustrate the equity premium puzzle is to assume that consumption growth is conditionally log-normally distributed such that the risk-free rate is ln R
where ∆c t+1 = ln(C t+1 /C t ). If γ = 117, a one percent increase in the expected growth rate of consumption implies an increase in the risk-free rate of 117 percent, if the other terms are held constant. It is puzzling that the value of γ that is estimated when fitting the model to the excess-returns data is at odds with the response of the risk-free rate to changes in consumption growth. In addition, if one nevertheless accepts a high γ, it is only possible to match the empirical behavior of the risk-free rate if β is close to, or even higher than, one (such that ln β > 0), in which case the rate of time preferences is either very small or even negative, which seems somewhat implausible even if perhaps theoretically possible. For more on the "risk-free rate puzzle" that an acceptance of a high γ gives rise to, see Weil (1989) . Finally, a very high value of γ is at odds with results from microeconometric studies on how individuals react towards risky gambles; see, e.g., Halek & Eichenhauer (2001) . 4 Malloy et al. (2006) provide additional theoretical support for a moment condition close in spirit to the one in the following Eq. (3) . Based on Hansen et al. (2005) , Malloy et al. (2006) show that if one assumes recursive preferences, as in Epstein & Zin (1989) and Weil (1989) , an elasticity of intertemporal substitution equal to one, and truncate an otherwise infinite sum of covariances between excess returns and consumption growth at horizon S, an asset-pricing restriction that basically looks like the one in Eq.
(3) emerges.
be larger than 1 :
i.e. one-period returns are related to multi-period growth in consumption when S > 1, whereas the standard model of Eq. (2) appears when S = 1.
In order to derive Eq. (3), note that the Euler-equation for the risk-free rate R f between any two time points t + 1 and t + S, with S possibly larger than 1, is given by: 5
Insert this expression for U 0 (C t+1 ) into the general Euler equation for the excess return on any asset i between periods t and t + 1,
derive:
If power utility U (C t ) = C 1−γ / (1 − γ) is assumed and one divides with U 0 (C t ) to get stationary consumption growth rates, the following asset pricing restriction appears:
where
The difference between Eq. (3) and Eq. (4) is the appearance of the risk-free rate between periods t + 1 and t + S in Eq. (4). Parker (2001) and Parker & Julliard (2003) note that the difference between the estimates obtained from Eq. (3) and Eq. (4) will be determined by the extent to which an innovation in returns leads to a change in future risk-free rates. Consequently, if the risk-free rate is fairly stable over time compared to the volatility of stock returns, the difference between Eq. (3) and Eq. (4) will be minor.
In particular, if the risk-free rate is constant, R f t,t+S = R f t+1,t+1+S = R, the asset-pricing restriction that emerges is equal to the one in Eq. (3).
As will be shown, the empirical results presented in this paper (like in Parker & Julliard, 2003 ) turn out to be much the same regardless of whether the models are estimated using Eq. (3) or Eq. (4). In order to easily compare the results from the long-run risk models with those of the standard model in Eq. (2), most estimates in this paper will thus be based upon Eq. (3).
3.1.1 Long-run risk and estimates of the risk-aversion coefficient. In order to illustrate why taking into account long-run risk could lower the estimates of the risk-aversion coefficient, assume that excess returns and consumption growth rates are jointly log-normally distributed. In this case, Eq. (3) can be written as
i . If returns and consumption growth are also homoskedastic, the risk-aversion coefficient is given by:
In this paper, Eq. (3) will be estimated for different values of S. If a lower value of γ is found for a higher value of S, then the implication is essentially, from Eq. (5), that the covariance between one-period returns and S-period changes in consumption is higher than the covariance is between one-period consumption growth and one-period returns.
There are several reasons why this could be so. One reason could be that it takes time before consumption responds to a change in returns because there are costs associated with changing consumption or because information acquisition is slow. Pursuing this line of thought, Gabaix & Laibson (2002) model an economy where it is costly for investors to monitor their portfolios, and thus do so only infrequently, and Daniel & Marshall (1997) illustrate how even very small consumption adjustment costs can affect the theoretical equity premium computed from the consumption data and the actual equity premium. 6
Measurement problems with aggregate consumption data can also exist that can cause the observed consumption series to react with a delay to changes in returns even if the actual change in consumption is instantaneous. Again, a model illustrating the consequences (for the equity premium) of mismeasurement in consumption can be found in Daniel & Marshall (1997) .
What is C?
The major part of the existing literature on long-run risk has examined the long-run risk of U.S. stocks using U.S. consumption. When using own-country consumption as the relevant measure of risk, one implicitly assumes a closed economy where investors hold well-diversified portfolios of assets from their own country only. When investors hold domestic assets, they eliminate within-own-country idiosyncratic risks. However, they do not eliminate shocks to national consumption that otherwise could be eliminated by holding international assets. Hence, the systematic risk that remains in equilibrium in the closed economy is the risk of fluctuations in home-country consumption, and, in the closed economy, per capita domestic consumption is consequently the relevant measure of risk for the representative investor.
Given the stylized empirical fact mentioned in the introduction that investors are considerably more internationally diversified today compared to a few years ago (Obstfeld & Taylor, 2004; Lane & Milesi-Ferretti, 2007) , it seems reasonable to investigate what risk-aversion parameter characterizes a representative global investor. Stulz (1981) shows that in open capital markets agents will smooth out countryidiosyncratic consumption fluctuations by holding diversified portfolios with assets from different countries. The systematic risk that remains in equilibrium will not be national consumption risk, as in the single-economy consumption CAPM, but world consumption risk. In other words, for open capital markets, and thus in the reminder of this paper, C t refers to world consumption in period t, unless otherwise noted.
Data
Sixteen developed stock markets are studied: Australia, Austria, Belgium, Canada, Denmark, France, Germany, Italy, Japan, the Netherlands, Norway, Spain, Sweden, Switzerland, the U.K., and the U. representative investor is assumed to be a U.S. investor, as is standard in the literature on international consumption CAPMs (Sarkissian, 2003 and Zhong, 2005) and international CAPMs (Harvey, 1991; Dumas & Solnik, 1995; De Santis & Gerard, 1997; and Ng, 2004) , i.e. all returns are converted into U.S. dollars. The robustness of this choice is checked later.
Versions of Eq. Private Total Consumption series that spans the complete sample period is available for the G-7 countries and Switzerland. The world consumption series is thus calculated by weighting the consumption series together from these countries. Harvey (1990 ), Sarkissian (2003 , and Li & Zhong (2005) weight the growth rates of the national real per capita consumption series (in local currencies) with the countries' shares (in U.S. dollars) in the aggregate Gross Domestic Product (GDP). The same procedure is followed here. An alternative procedure would be to convert the national consumption series into U.S. dollar, and then construct the world series from these series. Expressing the local consumption series in U.S. dollar, however, would imply that volatile exchange rates are used to convert less volatile consumption series into U.S. dollar, the resulting effect being that the volatility of the world consumption series would be dominated by the volatility of exchange rates instead of the volatility of real per capita consumption. Aggregation of consumption growth rates in local currencies using GDP weights, on the other hand, implies that exchange rate fluctuations matter for the world consumption series only indirectly through their impact on the GDP weights. Given that it is the volatility of the consumption series that is of interest in the consumption CAPM, Harvey (1990) , Sarkissian (2003) and Li & Zhong's (2005) procedure is followed here. dollar minus the U.S. T-bill rate) and, in panel B, the statistics for quarterly consumption growth rates in local currency (for the G-7 countries) as well as for the world consumption series calculated by weighting together G-7 + Switzerland local currency consumption growth rates using GDP weights, as explained above.
Summary statistics
The average excess returns are all positive and range between a low 1.02% per quarter (Spain) to a high 2.62% per quarter (Sweden). The average equity premium of 1.53% per quarter, and thus around 6% per year, in the U.S. is within the standard ranges for the U.S. equity premium (see, e.g., Mehra & Prescott, 2003) .
On average, the real per capita consumption series grew between 0.34% (France) and 0.66% (Italy) per quarter. The world consumption series differs from the national consumption series in one aspect in particular; it is less volatile than any of the national consumption series. The standard deviation of the quarterly growth rate of the real per capita world consumption series is 0.004%. A raw average of the standard deviations of the national per capita consumption series is 0.011%, i.e. around three times as high as the volatility of the world consumption series.
Comparing the excess return series with the consumption series, both the means and the volatilities of the consumption series are generally considerably lower than those of the excess return series. In other words, excess returns are generally considerably more volatile than the consumption growth series are, but at the same time also increase at a considerably higher rate. Overall, the persistence of the excess return series is not much different from that of the consumption series.
The average weight (not shown) of the U.S. consumption growth series in the world consumption growth series is 0.441. The second largest weight is the one of the Japanese consumption series (0.195), followed by the weight attached to the German series (0.105).
The smallest weight (0.014) is attached to the Swiss consumption series. These weights represent the GDP fractions out of the total GDP (measured in U.S. dollar). Figure 1 shows the real world per capital quarterly consumption growth rates and, for comparison, the quarterly growth rates of U.S. real per capita consumption. The growth rates in world consumption follow the major movements of the U.S. consumption growth series. However, the world consumption series does not fluctuate as much as the U.S.
consumption series does, as the standard deviations from Table 1 also showed.
Finally, a regression of consumption growth on its lags is presented. The reason is the following: The basic idea in this paper is that a time series of consumption changes over several different periods contain different information than a series of one-period consumption changes does; see the discussion in section 3.1.1. If, however, one-period consumption growth is iid, studying consumption growth over several different periods does not provide a different result than studying consumption growth over one period.
One simple way to investigate whether the one-period consumption growth series is iid is to run a regression of one-period consumption growth on its lags. If the one-period consumption growth series is iid, all lags should be insignificant. The result from such a regression (with 12 lags, as this is the maximum number for S used in the following sections) is: As is clear, several of the lags are significant, implying that the series of consumption changes over one period is not iid. This is an important preliminary results because it implies that different information is obtained when studying consumption growth over several periods, compared to studying one-period consumption growth.
Estimates of the Euler equations

Estimation procedure
There is one parameter that has to be estimated in the asset pricing restrictions in Equation (3); the parameter of risk aversion γ. To estimate γ, the Generalized Method of Moments (GMM) procedure is used. GMM is based on the restriction that
should be unpredictable at time t, i.e. the theoretical orthogonality condition,
should hold, where z t summarizes the available information at time t. In practice, γ is estimated as the parameter that minimizes the quadratic form g(γ) 0 W g(γ), where W is the weighting matrix and g(γ) represents the empirical moment function g(γ) =
(1/T )
¤ ⊗z t , with R e t+1 as the vector of excess returns and z t as the vector of instruments that contains information about future returns and future changes in consumption. Note that if R e t+1 is one-dimensional, i.e. contains the excess return R e 1,t+1
from one asset only, and z t contains only a constant, g(γ) = (1/T )
¤ is simply the average pricing error of the asset, and GMM chooses the value of γ that minimizes the average squared pricing error of the asset. With several assets and/or several instruments, the squared "pricing errors" (pricing errors conditioned on the instruments) are weighted together using the weighting matrix W .
Following the suggestions in recent GMM-based tests of consumption-based asset pricing models, a prespecified weighting matrix is used. In particular, the identity matrix is used, as in, e.g., Parker & Julliard (2005) and Lettau & Ludvigson (2006 ). Cochrane (2005 carefully explains why using prespecified weighting matrices (e.g., the identity matrix) in GMM estimations is often preferable. Consider the estimations using all 16 countries first. For S = 1, i.e. a "standard" international consumption CAPM that tries to match quarterly excess returns using quarterly changes in world consumption, the risk aversion parameter is estimated to be very high, 77.84. Hence, an international consumption CAPM that uses world consumption as the relevant measure of risk produces a very high risk-aversion parameter, like a U.S. consumption CAPM does (as mentioned in Lettau & Ludvigson, 2007; Parker, 2001; etc.) and like an international consumption CAPM used to explain foreign currency returns (Sarkissian, 2003) does. This is interesting in itself.
Empirical results
The most important result to note from Table 2 , however, is the dramatic effect that long-run risk has on the estimates of the risk-aversion parameter. For instance, when S = 4 the risk aversion parameter drops to 25.39 (22.11 if estimating Eq. (4)), which is only 33% (28%) of its value at S = 1. Increasing S even further to a two-year measurement horizon, γ is reduced to 16.30 (12.76), after which there is not much affect, i.e. for S = 12, γ is estimated to differ only slightly from its value at S = 8.
Eq. (4) G-7 countries versus smaller countries. Splitting the dataset into returns from the G-7 countries and those from smaller countries, the risk-aversion parameters are generally estimated to be higher for the investor who considers excess returns from the G-7 countries only: At S = 1, γ is estimated to be 111.54 when using G-7 excess returns, but only 66.24 when using excess returns from the smaller countries, whereas for S = 12, γ is estimated to be 21.21 for the G-7 countries versus 15.54 for the smaller countries.
One general finding is, thus, that the point estimates of γ decrease in size the larger S is, up to a horizon of two years. The "std(γ)" columns in Table 2 reveal, however, that the γs are not very precisely estimated. For instance, the 95% confidence interval around the estimate of γ for S = 1 (All countries) is wide: [6.53, 149.14]. For S = 12, the confidence bound is [−1.96, 16.06] . The finding that the confidence intervals spanning the point estimates of γ are wide, is a general finding in the literature estimating consumption CAPMs (Hansen & Singleton, 1983; Sarkissian, 2003; Engsted et al., 2007) . Note, however, that the standard errors of γ are also reduced the larger S is.
The J-statistics evaluate whether the overidentifying restrictions can be statistically accepted. There are 32 orthogonality conditions and one parameter to estimate, i.e. there are 31 overidentifying restrictions. Consequently, the J-statistics are X 2 -distributed with 31 degrees of freedom. The 95% critical value is 44.70, and, hence, for most of the models, the overidentifying restrictions cannot be rejected.
Intuition
The intuitive idea underlying the long-run risk models estimated here is that consumption can be slow to react to a change in returns such that the effect on consumption from a change in returns is magnified over time. Indeed, under the additional assumption of joint lognormality of consumption and returns, there is a clear correspondence between the risk aversion coefficient and the covariance of consumption and returns; see the discussion in section 3.1.1. In order to provide some intuition for the results presented in Table 2, Table   3 presents the simple covariances between excess returns and consumption growth rates for S = 1, S = 4, S = 8 , and S = 12 periods for the 16 countries and, to get a feeling for the magnitudes, the averages of these 16 covariances.
The table clearly shows that the covariances generally increase considerably when extending the horizon over which consumption growth is measured; the average covariance between current period consumption growth and returns is 0.57%, whereas this average covariance is approximately 3-4 times higher for S = 4, S = 8, and S = 12. The reason why this higher covariance brings down the risk-aversion coefficient is that a higher covariance between consumption growth and returns makes consumption growth more volatile, which the investor does not like. Intuitively, an investor who holds an asset with a higher covariance with consumption must thus be less risk averse than an investor who is willing to hold assets with a lower covariance with consumption.
In Table 2 , the estimates of the risk-aversion coefficients generally decrease from S = 1 to S = 8, and perhaps increase a little from S = 8 to S = 12. In Table 3 , the covariances increase from S = 1 to S = 4, fall a little from S = 4 to S = 8 (but stay more than three times higher than at S = 1), only to increase again from S = 8 to S = 12. When interpreting these slightly different patterns, it is relevant to remember that the covariances in Table 3 are meant for intuitive discussion only, as they are based on a joint lognormality assumption, whereas the more relevant model-implied estimates are the ones from Table   2 . In spite of this, the higher covariances documented in Table 3 for S > 1 serve well to illustrate why the risk-aversion coefficients in Table 2 are estimated lower when taking into account long-run risk. Table 2 reports the basic results. There are other ways, however, that Eq. (3) can be estimated. In this section, the results from five alternative estimations are described.
Alternative ways of estimating Eq. (3)
First, the results of a joint estimation of the moment conditions are commented upon.
Second, the results are evaluated for how sample sensitive they are. Next, focus is put on the effect of using world consumption instead of national consumption as the relevant measure of risk. In order to highlight this, univariate models for each of the G-7 countries are estimated. Fourth, the effect of changing the specification of the asset-pricing equation such that it relates consumption growth over S period to returns over S periods, and not to returns over one period is investigated. Finally, the results from a robustness check on the use of local currency denominated excess returns instead of U.S. dollar denominated excess returns are presented.
These alternative ways of estimating Eq. (3) provide additional interesting results. It is important to note already here, though, that the overall result of the paper (that γ is found to be lower for a higher value of S) is found in all the estimations. 5.3.1 A joint estimation of the moment conditions. In Table 2 , a first-order condition is estimated for each value of S. Parker (2001 Parker ( , 2003 and Parker & Julliard (2003 also estimate a first-order condition for each value of S. One advantage of estimating the model like this is that it makes clear the drastic change in the estimate of the risk-aversion parameter that is brought about by allowing the change in consumption to take place over S > 1 periods.
Bear in mind, however, that the derivation of Eq. (3) is based on first-order conditions for the representative investor, i.e. the first-order conditions should, in principle, hold for each value of S. In other words, if a first-order condition holds for S = 1, it should also hold for S = 4, 8, and 12. Hence, instead of estimating a first-order condition for each value of S, one value of the risk-aversion parameter across all horizons S could be estimated, i.e. estimate γ from the joint system:
Such an estimation is carried out in this section. Comparing these results with the ones for the G-7 countries in Table 2 , the estimated value of γ is well below the 111.54 value found for the standard model (S = 1). At the same time, however, the joint estimate is higher than the one found when estimating for each S > 1 separately, where Table 2 reveals the estimates to be b γ = 29.12 (for S = 4), b γ = 19.52
(for S = 8 ), and b γ = 21.21 (for S = 8). In addition, the large number of orthogonality conditions imply that γ is estimated less precisely compared to its estimated values in Table 2 : The t-statistic for the joint estimate of γ is 30.18/27.28 = 1. 11 whereas the t-statistic is above its 90% confidence level for S = 1 (t-stat. = 2.24), 4 (t-stat. = 2.11), and 8 (t-stat. = 1.69) in Table 2 .
Subsample estimates.
Given that cross-country asset holdings have changed over time, as mentioned in the introduction of this paper, it is interesting to evaluate how the estimates reported so far depend upon the time period used for the analysis. Table 4 are based on models using a constant as the only instrument (in which case there are still 16 orthogonality conditions to satisfy when all excess returns are used in the estimations).
Consider the estimates for the three early subperiods first. Two patterns emerge: (i)
for the earlier subsamples, low estimates of γ are found, and (ii) the earlier the subsample period is, the relatively more imprecise the estimates are. In other words, even if the estimates of γ are lower for the early periods, the sizes of standard errors are fairly constant across the subsamples, i.e. the point estimates of γs are very imprecisely estimated in the early subperiods. In order to provide evidence on the effect of using world consumption instead of local consumption, this section presents estimates from two kinds of univariate models: models relating the growth in consumption of country i to the excess returns of country i and models relating the growth in world consumption to the excess returns of country i. This is done for S = 1 (the classical equity premium literature estimation) and for S > 1. 12
Note that when using local country consumption growth as the relevant measure of risk, consumption and excess returns are in local currencies, whereas the data are in U.S. dollars when relating excess returns to world consumption, as this is a dollar-based series. Table 5 reports that the estimated risk-aversion parameters are generally higher when investors evaluate the riskiness of stocks using world consumption compared to situations where it is assumed that investors use local consumption growth to evaluate the risk inherent in stocks. For instance, the risk-aversion parameter estimate using U.S. returns is 141.15 when S = 1 and world consumption is the relevant measure of risk, which can be compared to an already high 72.48, which is the standard single-country C-CAPM yields.
The same type of finding is reported for several other countries. One reason why the standard (S = 1) international C-CAPM produces larger risk-aversion parameters than a single-country C-CAPM does is that the world consumption growth series is generally less volatile than a local consumption growth series is, as shown in Table 1 , i.e. it is even harder for an international C-CAPM to price volatile excess returns than it is for singlecountry C-CAPMs when S = 1. Another feature to be aware of is that the estimates of γ for S = 1 using local consumption are negative for France, Japan, and the U.K., whereas the estimates of γ are, also for these countries, more in line with the findings from the other countries when using the world consumption series.
Another noteworthy finding in Table 5 is that the estimates of the risk-aversion coefficients, in most cases, drop when increasing S, i.e. long-run risk matters for univariate estimates of the risk-aversion parameter in countries other than the U.S., too. 13 In this 12 Other estimations of models relating the growth in consumption of country i to the excess returns of country i for S = 1 for non-U.S. countries can be found in Lund & Engsted (1996) , Kasa (1997 ), Campbell (1999 , and Engsted et al. (2007) .
sense, the importance of long-run consumption risk for understanding the riskiness of stock markets is not confined to the U.S.
In the univariate models, the number of orthogonality conditions increases by one for each extra instrument (as opposed to the increase of 16 orthogonality conditions in the multivariate models for each added instrument), i.e. relatively more degrees of freedom are left after extending a set of instruments in the univariate models compared to the multivariate models. In order to investigate whether an extended set of instruments affects the estimated values of γ, univariate models that use additional variables often reported to predict equity returns, such as the lagged excess returns, lagged consumption growth rates, lagged price-output ratios, and lagged short interest rates, were also estimated.
Results that are not shown but that are available upon request show that the risk-aversion parameter estimates from these models were not particularly affected by the use of the additional lagged instruments, and, most importantly, were reduced for higher values of S.
Multiperiod growth in consumption.
In Eq. approaches. Instead of relating single-period excess returns to multi-period consumption growth, they consider multi-period changes in both consumption and returns, i.e. the excess return obtained by holding asset i from period t to t + S, where S can be larger than 1, is related to the change in consumption over the next S periods: 14
This section presents results from estimations of Eq. (7).
When estimating Eq. (7), excess returns over 1, 4, 8, and 12 quarters are needed.
In order to calculate the annual (respectively two and three-year) excess return to the univariate estimates for the U.S. using local U.S. consumption, even when his consumption series extends longer.
U.S. investor, the one-year (respectively two and three-year) U.S. Treasury Bill rate is subtracted from the U.S. dollar (respectively two and three-year) annual returns from the different stock markets. The U.S. Treasury Bill rates are downloaded from the Fed's home page, and are the X-Year Treasury Constant Maturity Rate, where X = 1, 2, and 3. 15 The results are presented in Table 6 , which shows the estimates of the models that relate quarterly excess returns to changes in world consumption over the next single quarter (S = 1), models that relate annual excess returns to changes in world consumption over the next year (S = 4), models that relate two-year excess returns to changes in world consumption over the next two years (S = 8), and models that relate three-year excess returns to changes in world consumption over the next three years (S = 12).
The overall finding from these regressions is that γ is estimated to be slightly higher than when the estimation is based on Eq. (3); compare with Table 2 . For instance, Table 6 reveals that a γ of approximately 33 is obtained when trying to match excess returns over 12 quarters with changes in world consumption over 12 quarters. This can be compared to the estimate of γ of approximately 17 that is found when quarterly returns are related to consumption growth over 12 quarters (i.e. Eq. (3)); see Table 2 . The patterns are similar for the other estimations. In other words, estimations of Eq. (3) result in lower risk-aversion coefficients than estimations of Eq. (7), for S > 1, do. The finding that γ is estimated to be lower when using Eq. (3) is not surprising: If long-run risk is important because consumption changes slowly in response to a change in returns, then estimates based on Eq. (7) will overestimate the riskiness of stocks because the (long-run) change in consumption to a change in returns that occurs near t + S will be disregarded in the estimation. For a change in returns at time t + τ , where τ is close to but smaller than S, Eq. (7) only allows the changes in consumption from t + τ to t + S to play a role, whereas Eq. (3) will allow all changes from period t + τ to t + τ + S to play a role.
Using currency and local-inflation hedged returns in the international
CAPMs. The excess returns used in Tables 2 through 6 are the ones a U.S. investor would have obtained. An alternative approach is to use the excess returns local investors would have obtained (e.g. stock returns in Canadian dollar over a Canadian risk-free rate, stock returns in Japanese Yen over a Japanese risk-free rate, and so forth) and relate them to the world consumption growth series. Using excess returns in local currencies, as opposed to U.S. dollar excess returns, essentially the viewpoint of an investor who has been able to eliminate all fluctuations in exchange rates has been taken, i.e. the viewpoint of someone who has fully hedged his returns from foreign investments, such that the investor observes the same returns as the local investors do. If this investor also borrows one unit of foreign currency at the foreign risk-free rate each time he invests one unit in the foreign stock market, the relevant excess returns will be the excess returns from the different stock markets. In essence, in Table 7 , excess returns in local currencies are related to fluctuations in world consumption growth rates.
The overall results are not much different from the ones in Tables 2 through 6 : (i)
The γ estimates are lower the larger S is, generally up to S = 8, (ii) the estimates of γ are larger for the G-7 countries than they are for the smaller countries, and (iii) the estimates of γ are generally significantly different from zero, even if they are not very precisely estimated.
6 Beta-pricing framework
In the preceding sections, it has been shown how long-run risk generally brings down the otherwise high values of the risk-aversion coefficient of a representative global investor.
In this section, it is evaluated whether the exposure of excess returns on the country portfolios to consumption growth (for different horizons S) can account for the crosscountry dispersion in equity risk premiums. To do so, an approximate linear beta-pricing framework is employed.
To derive the approximate linear beta-pricing representation, take unconditional expectations of Eq. (3) and use the covariance definition cov(x, y) = E(xy) − E(x)E(y) to rewrite Eq. (3) as:
where:
Eq. (8) reveals how the excess return on asset i is proportional, with factor λ, to the consumption beta of asset i with respect to consumption growth over S periods. The riskiness of stock i is thus determined by the asset-specific consumption beta, whereas the risk premium λ is the same across all assets.
In order to write the model in a form that can be estimated and tested, take a first-
is the coefficient of relative risk aversion and ∆C t+1 is the growth rate of consumption. In this case, the coefficients of the beta-pricing model can be written as:
such that:
The point in writing the model like this is that the estimate of λ can then be used to find an implied risk aversion coefficient:
. Table 8 shows the estimates of the beta-pricing model. The parameters are estimated using the Fama & MacBeth (1973) First, note that the implied risk aversion coefficients correspond fairly well to the ones reported in the previous tables: for S = 1, γ is estimated at 87.65, and declines with the horizon to reach a value of approximately 9 for S = 12. Next, note that the estimate of λ is generally significant and positive, i.e. a significantly positive risk premium is found. In particular, the estimate of λ is 0.5% when S = 1 and reaches a value of 2%-3% for S = 12.
How well does the model fit? Figure 2 shows one possible way of illustrating the ability of the beta pricing models to capture the cross-sectional distribution of returns.
The figure shows the actual average excess returns observed from the 16 markets along the horizontal axis against the fitted values from the estimated models along the vertical axis where the fitted values are derived from the estimate of the model for S = 1 reported in Table 8 . If the model described the excess returns "perfectly", the dots would line up against the 45-degree line. This is plainly not the case. The R 2 from the regression of fitted values against actual values makes this clear: The R 2 is as low as 0.1%. In other words, a standard international consumption CAPM cannot capture the cross-country distribution of excess returns.
The previous sections of this paper show that the estimate of the risk aversion coefficient is lower when the horizon over which consumption growth is measured (S) is increased. The question is then whether the R 2 also increases as S is increased? As Table   8 demonstrates, the R 2 from the regression of fitted values versus actual values basically does not change with S. 16 Thus, the conclusion to be made from this analysis is that the unconditional international consumption CAPMs are not well suited for capturing crosscountry dispersion in excess returns, which is also the case even if long-run consumption risk is allowed to play a role. This last finding is in contrast to studies that use U.S.
long-run consumption risk to capture the cross-sectional variation in U.S. excess returns (Parker & Julliard, 2005, and Jagannathan & Wang, 2007) . How can these findings be reconciled? Lewellen, Shanken & Nagel (2007) argue that new versions of the consumption CAPM do not perform well when used on portfolios sorted on criteria other than size and book-to-market (BM). Given Lewellen et al.'s (2007) findings, and given the fact that the country portfolios used here are clearly not sorted according to the size and BM criteria, it is perhaps not surprising that the long-run risk models cannot capture country portfolios in spite of the fact that long-run risk brings down estimates of the risk-aversion coefficients. Similar kinds of findings are presented in Sarkissian (2003) and Li & Zhong (2004) who also study whether world-consumption risk can capture the cross-country variation in equity returns. For instance, Sarkissian shows that incomplete consumption risk sharing is insignificant when explaining the cross-country dispersion in foreign currency returns, even if it does raise the cross-country R 2 .
Conclusion
This paper investigates the implications of taking into account long-run consumption risk for the estimates of the risk-aversion coefficient of an otherwise standard international consumption-based asset-pricing model. The overall conclusion is that the risk-aversion coefficient of a representative world investor can be brought down from very high levels (somewhere between 70-100 depending on exactly what model is estimated) to considerably lower levels (often around 20, and in some settings around 10) when taking into account long-run risk. This conclusion holds up against a number of robustness checks, including, for example, different ways of measuring returns (like returns to a U.S. investor or a fully exchange-rate hedged investor that borrows in local currencies at risk-free rates when investing in stocks in local currencies), different groupings of countries (small versus G-7), etc. An approximate linear beta-pricing model based upon long-run risk, however, was not very successful in capturing the cross-country differences in returns.
Given that the models estimated in this paper relate excess returns to fluctuations in world consumption growth rates, an assumption about capital market integration has implicitly been made. International capital markets are possibly better described in the early parts of this sample period as being only partly integrated, in which case models that include both local and world measures of risk, such as the ones developed by Errunza & Losq (1985) and tested in Bekaert & Harvey (1995) and Hardouvelis, Malliaropulos & Priestley (2006 , would be reasonable. The qualitative results from this type of model would most likely be much like the ones in the present paper, as the univariate models estimated in this paper (in Table 5 ) are estimated using both local and world consumption.
Furthermore, the results from these univariate models generally show that long-run risk brings down the estimates of the risk-aversion parameters regardless of whether local or world consumption is used. A weighted average of the exposures towards local or world consumption growth rates (as in partial integration models) would thus reveal the same tendencies.
This paper examines the long-run risk approach to asset pricing. Other procedures, however, have been proposed to explain the equity premium puzzle. 17 This paper, like the rest of the literature on long-run risk, leaves these additional explanations concerning the equity premium puzzle aside in order to focus on how far long-run risk alone takes the estimates of the risk aversion coefficient. Nevertheless, combining long-run risk with, for instance, non-hedgeable idiosyncratic risk and seeing how far that would take the estimates would be interesting. Similar extensions could be made on the beta-pricing approach. For example, Sarkissian (2003) and Li & Zhong (2005) find that the risk premiums associated with world consumption risk (λ) are statistically indistinguishable from zero, but that the features they study, imperfect risk sharing and habit persistence help explain other features of the return distribution. A possibly fruitful route for future research could thus be to combine long-run risk (that does brings down the risk aversion parameters of the representative investor) with habit formation, as in Li & Zhong (2005) , or imperfect risk sharing, as in Sarkissian (2003) .
Finally, in this paper, exchange rate risk has either been disregarded, as in, e.g., Harvey (1991) and Li & Zhong (2005) , or it has been assumed that the investor has been able to hedge away all exchange rate risk. Perhaps, however, the investor is exposed to real exchange rate risk (Colacito & Croce, 2006 use long-run risk models to study real exchange rate movements). In a full-blown international asset pricing model that allows for deviations from Purschasing Power Parity (PPP), such as the one in Adler & Dumas (1983) , the resulting real exchange risk that arises becomes another systematic risk factor that should be priced. In addition to the aforementioned interesting avenues for future research, an extension of the present paper could thus also be to follow the lead of Dumas 17 For instance, Constantinides & Duffie (1996) analyze a model where markets are incomplete and agents face idiosyncratic permanent shocks that cannot be eliminated by trading in financial securities. Epstein & Zin (1989) suggest using preferences that differ from the standard power-utility type by allowing the coefficient measuring risk aversion to differ from (the inverse of) the one that measures the elasticity of intertemporal substitution in consumption, while Campbell & Cochrane (1999) analyze a model where risk aversion changes over time. The effects of limited participation in asset markets (Brav, Constantinides & Geczy, 2002 ) and probability distributions that allow for Peso problem (small probability) expectations of a large change in asset values (Rietz, 1988; Barro, 2006) have also been studied. The ρ 1 column reports the largest autoregressive root of the series.
Notes to Table 2 :
The table shows estimates of the risk aversion parameter γ, based upon Eqs. (3) and (4) in the text, and the associated Newey-West (1987) adjusted standard errors where the weights are truncated at lag S +1. The J-stats are the results from tests for the validity of the overidentifying restrictions. Three country portfolios are considered: All 16 countries, the G-7 countries only, and 9 smaller countries only. S refers to the number of quarters over which consumption growth is measured.
Notes to Table 3:
The table shows covariances between quarterly excess returns from the different countries and the world consumption growth rate, with the consumption growth rates measured over one quarter, four quarters, eight quarters, and twelve quarters. Simple averages of the covariances are also given. Notes to Table 6 :
Notes to
The table shows estimates of the risk aversion parameter γ, based upon Eq. (7) in the text, and the associated Newey-West (1987) adjusted standard errors, where the weights are truncated at lag S + 1. The J-stats are the results from tests for the validity of the overidentifying restrictions. Three country portfolios are considered: All 16 countries, the G-7 countries only, and 9 smaller countries only. S refers to the number of quarters over which consumption growth is measured.
Notes to Table 7:
See notes for Table 2 . The estimations are based upon Eq. (3) using local currency excess returns, i.e. local currency stock returns minus the local risk-free interest rate. 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 
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